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Abstract: Based on Continuous GPS ( CGPS) observation data of the Crustal Movement Observation Network 
of China ( CMONOC) and the Sichuan Continuous Operational Reference System ( SCCORS) , we calculated 
the horizontal coseismic displacements of CGPS sites caused by the 2013 Lushan Mw 6. 6 earthquake. The re-
sults indicate that the horizontal coseismic deformations of CGPS stations are consistent with thrust-compression 
rupture. Furthermore, the sites closest to the epicenter underwent significant coseismic displacements. Three 
network stations exhibited displacements greater than 9 mm (the largest is 20.9 mm at SCTQ), while the oth-
ers were displaced approximately 1 - 4 mm. 
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1 Introduction 
On April 20, 2013, a magnitude 6. 6 earthquake oc-
curred in Lushan county, located in the Sichuan prov-
ince of China. The epicenter was located at 30. 21 °N, 
103. 18°E, and the depth of the hypocenter was 21. 8 
km (http :I /www. globalcmt. org). The earthquake re-
sulted in approximately 196 casualties and severe dam-
age to buildings. The Lushan earthquake occurred at 
the southern tip of the Longmenshan fault belt, which is 
the largest topographic gradient zone of east Tibet['l. 
The focal mechanism reveals that the Lushan earthquake 
was a thrust event[z] , the same as the Wenchuan earth-
quake. To date, the Lushan earthquake is the largest 
earthquake on Longrnenshan fault since the Wenchuan 
Mw 7. 9 earthquake on May 12, 2008. 
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The Longrnenshan fault belt is located on the eastern 
margin of the Tibetan plateau ['l. It maiuly consists of 
three fault belts, namely, the Maowen-Wenchuan, 
Yingxiu-Beichuan, and Guanxian-Jiangyou fault 
belts[•-•J. On May 12, 2008, an Mw7. 9 earthquake 
ruptured the Longrnenshan fault belt[']. The inversion 
result suggests that the rupture was mainly concentrated 
on the northern part of the Longmenshan fault belt, 
while the southern part had few ruptures[']. Parsons et 
al c•J calculated the Coulomb failure stress of the south-
em part of the Longmenshan fault belt and found that it 
increased by 0. 1 MPa. Yi et al[!OJ calculated the ap-
parent stress of the southern part of Longmenshan fault 
zone using digital seismic waveform data and found that 
it increased in this region. 
Wang et al ['] inverted the rupture process of the 
April 20, 2013 , Lushan earthquake using a fmite fault 
model method with 31 far-field P waveform and 14 SH 
waveform records. The results show that the earthquake 
was a thrust event with the largest slip of 159 em. 
Zhang et al [ 111 inverted the rupture process of the Lus-
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han event using the linear inversion method with 39 
far-field P waveform records. Liu et al[ 12 l introduced 
the Lushan earthquake in detail and noted that it was 
not an aftershock of the 2008 W enchuan earthquake 
but there was a close relationship between the two. 
Zeng et al [ 13 ] inverted the focal mechanism of the 2013 
Lushan earthquake using P wave first motions from re-
gional and teleseismic records and obtained strike , 
dip, slip angle and hypocenter depths ( 212°/47°/ 
93 ° , 12 km, respectively). The results show that the 
Lushan earthquake was a high-angle thrust event[ 13 J. 
The above-mentioned investigations mainly focused on 
the rupture process and focal mechanism inversion u-
sing far-field seismic waveform data. Due to the lack of 
geodetic data , these researchers could not obtain the 
surface coseismic deformation surrounding the epicen-
ter. 
This article calculates the horizontal cose1sm1c 
displacements caused by the 2013 Lushan earthquake 
using CGPS sites that belong to the Crustal Movement 
Observation Network of China ( CMONOC ) and the 
Sichuan Continuous Operational Reference System ( SC-
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CORS) , providing constrains for rupture process inves-
tigations. 
2 Data and method 
2.1 GPS data 
The CMONOC network consists of 260 CGPS stations 
that are used to quantify crustal deformation in the Chi-
nese mainland for seismic risk assessment. The geodet-
ic network is equipped with Trimble NetR8 Receiver 
and Choke Ring Antennae. All of the stations are in-
stalled on top of steel-concrete pillars and have sam-
pling frequencies of 0. 033 Hz, 1 Hz, and 50 Hz. The 
SCCORS network was built by the Sichuan Earthquake 
Administration and is equipped with Trimble NetR8 
Receiver and Choke Ring Antennae with sampling fre-
quencies of 0. 033 Hz and 1 Hz. The locations of the 
CMONOC and SCCORS CGPS sites are shown in figure 
1. In this study, we process the 13 CMONOC, 13 SC-
CORS, and 29 IGS sites to investigate the horizontal 
coseismic displacement fields. 
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Figure 1 Locations of CMONOC and SCCORS CGPS sites 
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The two red stars represent the epicenters of the 
2008 Wenchuan Mw7. 9 and 2013 Lushan Mw6. 6 
earthquakes. The focal mechanism solutions ( red 
beach balls) are from the Global CMT project ( ht-
tp :I I www. globalcmt. orgl) . The red triangles belong 
to CMONOC, and the blue triangles belong to SC-
CORS. 
2. 2 Analysis strategies 
All the CGPS observation data, covering 7 days before 
and after the shock, were processed by GAMITI 
GLOBK release 10. 4[ 14l. First, we utilized GAMIT to 
obtain daily loose solutions. Rapid and precise satellite 
ephemerides released by IGS ( International GNSS 
Service) were used. The new Earth Gravitational Mod-
el EGM08, released by the US National Geospatial-In-
telligence Agency, was adopted. IERS2003 Conven-
tions were employed for the earth tide and pole tide 
model[ISJ. The latest release of the global ocean tide 
model FES2004 was used[ 16l. The GPT model was a-
dopted to estimate tropospheric delay[ 17J. The mapping 
function used the GMF model[IsJ. Sites coordinates, 
satellite orbits and 1-hour interval tropospheric delay 
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were estimated along with the phase ambiguities. 
Then, we utilized GLOBK to combine the regional dai-
ly loose solutions with the global daily loose solutions 
released by SOPAC ( Scripps Orbit and Permanent Ar-
ray Center ) , which were then aligned with 
ITRF2008[ 19 l using approximately 98 IGS08 sites via 
seven parameter transformations. Finally, we utilized 
the least squares fitting method to estimate coseismic 
displacements without considering seasonal variations 
and postseismic displacements. 
3 Results 
The coseismic displacements derived from the CGPS 
sites for the 2013 Lushan Mw6. 6 earthquake are shown 
in figure 2. As observed, most sites move toward the 
epicenter. The stations located northwest of the epicen-
ter ( e. g. , SCLH, SCDF, SCXJ) moved toward the 
southeast, while the stations ( e. g. , LESH ) located 
southeast of the epicenter moved toward the northwest. 
These coseismic deforniation characteristics revealed that 
the earthquake had a thrust motion on the fault 
plane[2 ' 13l, which is consistent with the focal mechanism 
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Figure 2 Coseismic displacements derived from CGPS sites for the 2013 Lushan earthquake 
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released by the Harvard CMT solution. 
It is apparent from figure 2 that the horizontal coseis-
mic displacements of the SCTQ, QLAI and Y AAN sta-
tions are larger than those of the other stations. Figure 
3 shows the time series of the QLAI, YAAN and SCTQ 
GPS stations 7 days before and after the April 20 , 
2013 , Lushan earthquake. SCTQ is located in the 
south of the Longmenshan fault belt, 43. 3 km from the 
epicenter. The observed coseismic displacement of 
SCTQ, which shows southwestward movement, is 20. 9 
mm. The coseismic displacement nf QLAI, which is 
19. 9 km from the epicenter, is 10. 5 mm, with a near-
ly westward movement. YAAN is 30. 4 km from the ep-
icenter , and its coseismic displacement is 9. 2 mm with 
northwestward movement. The coseismic displacements 
of the CGPS stations decrease rapidly to the east and 
become zero at SCSN. The coseismic displacements 
caused by the Lushan earthquake are consistent with 
the results of an elastic half-space model of thrust-com-
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pression rupture[20]. 
4 Conclusions 
Our results reveal the spatial distribution of coseismic 
deformation caused by the April 20, 2013, Lushan Mw 
6. 6 earthquake using CMONOC and SCCORS observa-
tion data. The results show that the horizontal coseis-
mic displacements of the CGPS stations are approxi-
mately 9 -21 mm near the epicenter, while the others 
are approximately 1 - 4 mm. The result of rupture 
process inversion shows that the rupture occurred a-
round hypocenter, yet didn't reach the surface[lll and 
was confirmed by field investigations (http://www. eq-
igl. ac. en) . Therefore , we should make full use nf the 
CMONOC and SCCORS observation networks to monitor 
the Longmenshan fault belt and study the present-day 
crustal deformation, providing the basis for earthquake 
prevention and disaster reduction in the Sichuan area. 
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Figure 3 Time series of the QLAI, Y AAN, and SCTQ GPS stations 7 days before and after the April 20, 2013 , 
Lushan earthquake (The black vertical line denotes the time of earthquake occurred) 
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